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(54) Seismic cable connector with 
optical transceiver 

(57) A seismic cable connector (10) is 
provided for use with a dual fiber cable 
(20) in a fiber optic seismic exploration 
system. The connector (10) contains a 
digital, logic compatible transceiver 
which includes an optical detector (48) 
connected to one fiber (28) of the cable 
and a fiber optic transmitter (44) 
connected to the other fiber (28). The 
digital transceive is housed in an 
environmentally sealed case to protect 
the transceiver and the ends of the 
optical fibers (28) from being affected or 
damaged during use in the field. The 
transceiver is activated by 
. transistor-transistor logic contained 
within the connector (1 0). The optical 
fibers (28) are protected by buffer tubes 
(30) extending the length of the cable 
(20). A sixty-one pin electrical plug (40) 
is provided in the cable connector (10) 
for mating the connector (10) with 
remote seismic data gathering units. 
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SPECIFICATION 

Seismic cable connector with optical transceiver 

5 The invention relates generally to seismic explora- 
tion systems and, more particularly, to fiber optic 
seismic exploration systems. 

In conventional seismic exploration systems, sev- 
eral hundred to a thousand seismic sensor groups, 

1 0 each composed of one or more individual sensors or 
geophones, are utilized to obtain seismic data. Usu- 
ally a sensor group will contain one to thirty 
geophones electrically interconnected to form a 
single data channel. Conventional systems utilize a 

1 5 multiconductor seismic cable containing many con- 
ductor pairs, one pair for each sensor group, to 
transmit the seismic data from the sensor groups to 
a multichannel data processing and recording unit. 
As these conventional cables are extremely heavy 

20 and bulky, handling of such cables is very time con- 
suming and, therefore, very expensive. 

Recently, the use of fiber optics as a telemetry link 
for remotely distributed land seismic systems has 
been suggested, for example, see United States 

25 Patent No. 4,1 17,448 to Siems. Siems discloses a 
fiber optic cable with a set of triple-redundant optical 
fibers. The fibers are terminated at each end by a 
cable connector housing a light emitting diode (LED) 
and a photodetector. Siems suggest the transmis- 

30 sion of digital data overthe optical fibers. However, 
as the LED driver circuit and the photodetector amp- 
lification circuit are housed within the remote 
seismic data gathering unit to which the connector is 
electrically connected, the digital data is not logic 

35 compatible. In other words, the signal amplitude of 
the digital data is much too low to interface directly 
' with standard logic families, such as transistor- 
transistor logic (TTL), complementary metal-oxide 
semiconductor logic (CMOS), and emitter-coupled 

40 logic (ECL). Utilization of the arrangement disclosed 
in Siems is apparently not practical, as the digital 
data may become attenuated and distorted due to 
line capacitance, circuit loading, and RFI/EMI pick- 
up. Such effect results in costly inaccurate and 

45 unuseful data gathering. 

It would be advantageous to provide a standar- 
dized seismic cable connector/transceiver which has 
practical application in a field environment. It would 
also be advantageous to provide a connector/trans- 

50 ceiver which uses digital signal transmission to 
avoid irreparable attenuation and distortion of con- 
trol and data signals. These useful results have been 
achieved by the present invention. 

In accordance with the present invention, there is 

55 provided a seismic cable connector which includes a 
digital, compatible optical transceiver for use with a 
dual fiber optical cable. The digital transceiver is 
housed in an environmentally sealed case which 
protects the transceiver and the ends of the optical 

60 fibers. 

In a presently preferred embodiment, the digital 
transceiver has an optical detector connected to one 
of the optical fibers and a fiber optic transmitter con- 
nected to the other optical fiber. The optical detector 
65 includes a photodiode and a fiber optic receiver 



integrated circuit. The fiber optic transmitter 
includes a light emitting diode and digital driver. The 
receiver integrated circuit includes an automatic 
gain control circuit, and a symmetry restoration cir- 
70 cuit is provided to correct the duration of the digital 
pulses output from the receiver integrated circuit. 

In a presently preferred embodiment, the cable 
connector has a sixty-one electrical plug and a self- 
locking wrench for easily connecting or disconnect- 
75 ing the fiber optical cable to a remote seismic data 
gathering unit. 

These and other advantages and features of the 
present invention will hereinafter appear, and for 
purposes of illustration but not of limitation, an 
80 exemplary embodiment of the present invention is 
shown in the appended drawings and described in 
the following detailed description. 

FIGURE 1 is an isometric view of a seismic cable 
connector/transceiver with the cover removed in 
85 accordance with the present invention. 

FIGURE 2A is an exploded view of the connec- 
tor/transceiver of FIGURE 1. 

FIGURE 2B is an enlarged cross-sectional view of 
the fiber optic cable which is used with the connec- 
90 tor/transceiver of FIGURE 1. 

FIGURE 3 is an electrical schematic of the fiber 
optic transmitter circuit which is used in the connec- 
tor/transceiver of FIGURE 1. 

FIGURE 4 is an electrical schematic of the optical 
95 detector circuit which is used in the connector/trans- 
ceiver of FIGURE 1. 

FIGURE 5A, 5B, and 5C are illustrative digital sign- 
als transmitted by the connector/transceiver of FIG- 
URE 1. 

100 FIGURE 6 is a mechanical schematic of a connec- 
tor which is used in conjunction with the connec- 
tor/transceiver of FIGURE 1. 

FIGURE 7 is a block diagram of a seismic explora- 
tion system which uses the connector/transceiver of 

105 FIGURE 1. 

Throughout the following description, similar 
reference numerals refer to similar elements in all 
figures of the drawings. 

Referring to FIGURES 1 and 2, shown is a seismic 

110 cable connector/transceiver 10 of the present inven- 
tion. The connector 10 has a shell or cover 12 which 
attaches to a mounting member 14. A rubber gasket 
16 is provided to form an environmental seal bet- 
ween the member 14 and the cover 12. 

115 A hollow rectangular member 18 is secured to the 
mounting member 14 for receiving one end of a fiber 
optic cable 20. The members 14 and 18 may be a 
single integral piece. The cable 20 extends through a 
gland 22 which is environmentally connected to one 

120 end of the rectangular member 18 by a nut 24. 

The fiber optic cable 20 has a jacket 26, preferably 
made of polyurethane, which surrounds two optical 
fibers 28. A buffer tube 30 surrounds each optical 
fiber 28 to aid in preventing the optical fibers from 

125 being damaged when they are looped or otherwise 
bent within the cable 20 or connector 10. A strength 
member 32 extends through the center of the cable 
20 and is looped around an annular extension 34 
secured to the mounting member 14. The strength 

130 member 32 is rigidly secured to the member 14 by a 
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screw 36. The strength member may be a Kevlar 
fiber, an Aramid fiber, a high tensile strength plastic 
fiber, or the like and is provided to prevent the "pis- 
toning" effect inherent in fiber optic cables. 

5 Each end of the cable 20 also includes four twisted 
pair wires 38 for carrying the analog output signals 
of four sensor geophone groups, as more fully dis- 
cussed below in connection with FIGURE 7. The four 
twisted pair wires 38 are soldered or otherwise con- 

1 0 nected to eight connections of a sixty-one pin elec- 
trical connector or plug 40, which is secured to the 
mounting member 14 at the end opposite the 
rectangular member 18. The electrical connector 40 
may be of any conventional type such as that man- 

1 5 ufactured by Bendix. A filler material 42, such as Kev- 
lar filler, is provided within the fiber optical cable 20. 
In the presently preferred embodiment, the twisted 
pairs 38 and buffer tubes 30 (containing the optica! 
fibers 28) are helically wound around the strength 

20 member 32 to provide additional cable flexibility and 
to aid in relieving tension and compression forces on 
the fibers. 

As shown, one of the optical fibers 28 is termi- 
nated in a fiber optic transmitter module 44 through 

25 a fiber optic connector 46. The fiber optic connector 
may be any conventional type, such as an Radiall 
Model No. F706.01 5.000, while the optical transmit- 
ter module44 may be any conventional type such as 
Model No. SPX 4140 manufactured by Spectronics. 

30 The second of the optical fibers 28 is terminated 
through an optic connector 46 in an optical detector 
48. Both the photodetector 48 and the optical trans- 
mitter 44 are mounted on a printed circuit board 
assembly (PCB) 50, which is secured to the mounting 

35 member 14. The PCB 50 contains transistor- 
transistor logic (TTL) circuits which activate the 
transceiver as more fully discussed below in connec- 
tion with FIGURES 3 and 4. The PCB 50 is connected 
to the plug 40 by a plurality of wires (not shown), as 

40 discussed below. 

When assembled, the cable connector/transceiver 
10 provides an environmentally sealed optical cable 
connector which protects the transceiver and the 
ends of the optical fibers from being affected or 

45 damaged during field use. The connector is readily 
connectable to a remote seismic data gathering unit 
or box (FIGURE 7) via the plug 40. A lever or wrench 
52 enables the connector 20 to be locked into place 
when plugged into a box. 

50 Referring now to FIGURE 3, an electrical schematic 
diagram of the optical transmitter module is shown. 
The fiber optic transmitter 44 includes AND gate 62, 
acting as a buffer, connected to the base of an N-P-N 
transistor 64 over line 66. The emitter of transistor 64 

55 is grounded through a resistor 68. The collector of 
transistor 64 is connected over line 70 to a tight emit- 
ting diode (LED) 72. A pullup resistor 78 is provided 
to eliminate the parasitic capacitance created by the 
electrical connection to the remote unit (FIGURE 7). 

60 In operation, the output of buffer 62 goes high, i.e., 
the output becomes a logic 1, when a digital signal 
appears on line 82, turning on transistor 64. The LED 
72 is energized and transmits light energy over one 
of the optical fibers. 

65 Referring now to FIGURE 4, an electrical schematic 



diagram of the photodetector amplification circuit is 
depicted. A photodiode 88 is connected to a fiber 
optic receiver integrated circuit (IC) or preamplifier 
90. The preamplifier 90 may be a Spectronics Model 

70 No. SPX 3620 or the equivalent. As light energy 

strikes photodiode 88, a bias current feeding into pin 
1 of preamplifier 90 is modulated. The bias current is 
converted into a voltage signal within the preamp- 
lifier 90, and the voltage signal is compared to a 

75 threshold voltage level. When the threshold voltage 
is exceeded, a logic 1 appears at pin 12 oHhe 
preamplifier. The preamplifier IC contains an auto- 
matic gain control (AGC) circuit which gain ranges 
the voltage signal representative of the light energy 

80 striking the photodiode 88. 

A voltage holding capacitor 96 is provided to 
decrease or increase the AGC voltage as required. 
An AGC override circuit 98 is provided to limit the 
AGC gain to levels which will not result in noise amp- 

85 lification sufficiently high enough to produce false 
logic outputs. A transistor 104 is switched on by a 
low level signal AGC Control at its base. This enables 
the AGC override 98 to affect the receiver 90 gain. 
The override is only enabled at times when no data 

90 in light form is present at the photodiode 88. 

Immediately upon receipt of valid data, the transistor 
104 is switched off to allow the receiver 90 to gain " 
range to the optimum level for proper data recep- 
tion. 

95 The output of the fiber optic receiver IC 90 (pin 12) 
is connected to a non-inverting input of a voltage 
comparator 120 through a high frequency filtering 
resistor 122. A symmetry restoration circuit 1 24 is 
connected to the inverting input of comparator 120. 

100 The symmetry restoration circuit is provided to 

restore the digital output of IC 90 which may be dis- 
torted by line capacitance. 

FIGURE 5A is an example of a digital signal as it 
should appear when transmitted from the connec- 

105 tor/transceiver 10 to a remote unit (FIGURE 7). 

Because of wire line capacitances, digital propaga- 
tion delays, and optical fiber pulse stretching, the 
digital signal may become distorted. FIGURE 5B 
shows the digital signal as it would appear if affected 

110 by capacitance. The symmetry restoration circuit 1 24 
restores the distorted digital signal to its original 
condition, as shown in FIGURE 5C. This is accomp- 
lished by a feedback loop which detects unsymmet- 
rical data within the remote unit and generates a 

1 1 5 correction voltage to be applied at TT6 (FIGURE 4). 
Referring to FIGURE 6, shown is a mechanical 
schematic diagram of the plug 40. Lines 126 indicate 
the connections for the twisted pair wires 38 (FIG- 
URE 2). Lines 128 correspond to the electrical con- 

120 nections between the plug 40 and various points in 
the circuits of FIGURES 3 and 4, as indicated by the 
alphanumerals. 

FIGURE 7 is a block diagram of a seismic explora- 
tion system 130 utilizing the optical fiber cable con- 

1 25 nector/transceiver 10 of the present invention. As 
shown, remote units 132 and recorder takeout unit 
134 are interconnected through the dual fiber optical 
cables 20 by the connectors 10. The cables may have 
eight takeouts 136 for connecting the geophone 

130 groups 138. Utilization of the takeouts in the cables 
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20 is practical, as unwanted cross-over signals are 
not a problem in fiber optic cables. The recorder 
takeout unit 1 34 may be placed anywhere within the 
array of interconnected remote units. A central con- 
5 trol unit 140 is connected to the recorder takeout unit 
134. 

In operation, a digital control signal may be 
transmitted from the central control unit 140 to the 
recorder takeout unit 134. The recorder takeout unit 

10 then transmits the digital signal to all the remote 
units by utilizing the digital connector/transceiver 10 
of the present invention. The digital signal is electri- 
cally transmitted to the transceivers within the con- 
nectors 10d and lOe. The digital signal is converted 

1 5 into light energy by the fiber optic transmitter 44 
within each connector. The light energy representing 
the digital command signal is then transmitted to the 
adjacent transceivers 10c and lOf, respectively, over 
one of the optical fibers 28 in the cables 20. The light 

20 energy is detected by photodiodes 88 within the 
connectors 10c and 1 0f. The light signal is trans- 
formed back into a digital signal, which is electrically 
transmitted to the remote units 132b and 132c. The 
remote units then sense the digital command signal 

25 to see if it applies to them and electrically transmit 
the digital signals to the connector/transceivers 10b 
and 10g. The optical fiber transmitters 44 within the 
connectors 10b and 10g convert the digital com- 
mand signal into light energy which istransmitted to 

30 the next adjacent connector/transceivers 10a and 
10h, respectively, through the cables 20. The process 
is then repeated. 

Regarding data transmission, the analog output 
signals of the geophone groups 138 are transmitted 

35 to the remote units 132 overthe twisted pair wires 38 
which are connected to the takeouts 136. In opera- 
tion, seismic analog data is received by remote unit 
132B, for example. Remote unit 132B transforms the 
analog data into digital data, which is then electri- 

40 cally transmitted to connector/transceiver 10c. The 
digital data is transformed into light energy by the 
optical transmitter 44 in connector 10c. The data is 
optically transmitted over cable 20b to connec- 
tor/transceiver 1 Od, where it is received by photo- 

45 detector 48. The photodetector transforms the opti- 
cal data back into its digital electrical state and 
transmits the digital data to the recording takeout 
unit 134. 

As the remote seismic data system is nonpolar- 

50 ized, it does not matter which end of the cable 20 is 
connected to a remote unit. Once a cable is intercon- 
nected between two remote units, one of the optical 
fibers will only carry control signals while the other 
fiber will only carry seismic data signals. The cable 

55 20 may carry control data and seismic data (in oppo- 
site directions) simultaneously, thereby operating as 
a digital full duplex system. 

It is to be understood that the invention will admit 
of other embodiments, such as a system using a 

60 single fiber bi-directional link. The description of the 
preferred embodiment is given only to facilitate 
understanding of the invention by those skilled ini 
the art and should not be construed as limiting the 
invention itself which is defined herein by the-* 

65 appended claims. 



CLAIMS 

1 . A fiber optic cable connector for use with a 
dual fiber cable in a seismic exploration system, 
characterized in that the cable connector comprises: 

70 a digital, logic compatible optical transceiver 
including an optical detector connected to one fiber 
of the cable and a fiber optic transmitter connected 
to the second fiber; 

an environmentally sealed case for housing the 
75 digital transceiver, the case having means for receiv- 
ing one end of the fiber optic cable; 

means for connecting the optical fibers to the digi- 
tal transceiver; and 

means for electrically connecting the transceiver 
80 in the seismic exploration system. 

2. The cable connector according to claim 1 , 
characterized in that the optical detector includes a 
photodiode and a fiber optic receiver integrated cir- 
cuit associated with the photodiode and having a 

85 digital output. 

3. The cable connector according to claims 1 or 2, 
characterized in that the optical detector includes an 
automatic gain control circuit. 

4. The cable connector according to any of 

90 claims 1-3, characterized in that the optical detector 
includes a symmetry restoration circuit associated 
with the digital output of the receiver circuit. 

5. The cable connector according to claim 3, 
characterized in that the automatic gain control cir- 

95 cuit is associated with a holding voltage capacitor 
and an automatic gain control override circuit for 
eliminating the effects of noise. 

6. The cable connector according to claim 4, 
characterized in that the symmetry restoration circuit 

100 includes a voltage comparator for correcting the 
duration of the digital output signals of the receiver 
integrated circuit. 

7. The cable connector according to any of 
claims 1-6, characterized in that the fiber optic 

105 transmitter includes a light emitting diode and cir- 
cuitry for energizing the light emitting diode. 

8. The cable connector according to any of 
claims 1-7, characterized in that the electrical con- 
necting means includes a multiple pin electrical con- 

110 nector connected to the digital transceiver and a 
self-locking wrench for securing the electrical con- 
nector. 

9. A fiber optic cable connector substantially as 
hereinbefore described, with reference to and as 

1 15 illustrated in the accompanying drawings. 
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